Previous studies have shown the adverse effects of gestational diabetes on hippocampal neuronal density in animal models. This study was conducted to determine the effect of gestational diabetes on retinal ganglionic cell density, the thickness of the retinal layer and apoptotic ganglionic cell density in 28-day-old of rat offspring. In this experimental study, 10 Wistar rat dams were randomly allocated in control and diabetic groups. Gestational diabetes was induced by 40 mg/kg/body weight of streptozotocin at the first day of gestation, intraperitoneally, dams in control group received an equivalent volume normal saline. At postnatal day 28, six offspring of each gestational diabetes and controls were randomly selected, sacrificed and sections (6 micrometer) were taken from the eye and stained with hematoxylin and eosin. The density of ganglionic cells and the number of dUTP end-labeling (TUNEL)-positive cells were evaluated in 20000 µm 2 area of ganglion layer of the retina. The ganglionic cells density were reduced (27.4%) in gestational diabetic offspring in compared to controls (22.5±1.5 vs. 31.0±0.9, P<0.01). The apoptotic ganglionic cells of retina in interventional group significantly increased in compared to controls (6.74±0.60 vs. 5.12±0.26, P<0.02). This study showed that the uncontrolled gestational diabetes can reduce the number of ganglionic cells and increase apoptotic ganglionic cells of retina layer in rat offspring.
INTRODUCTION
Diabetes mellitus is one of the most common serious metabolic disorders (Gispen & Biessels, 2000) characterized by hyperglycemia, altered metabolism of lipids, carbohydrates and proteins (Lebed et al., 2008) . Type I or insulin dependent, type II or insulin independent and gestational diabetes (GD) are three general classifications of diabetes mellitus (Persaud, 2007) . Diabetes mellitus, regardless of its type, is associated with alterations in both human and animal models of the disease (Beauquis et al., 2008; Biessels et al., 1994) .
Studies have shown that long lasting of gestational diabetes effects on offspring glucose homeostasis and causes increased cognitive impairment in infants of mothers with gestational hyperglycemia (Gao & Gao, 2007) .
Long-term hyperglycemia causes irreversible pathological changes in the retina and leading to an increase in diabetic retinopathy (Timmers et al., 2010) . Diabetic retinopathy is a major problem in diabetics can lead to blindness (Hughes et al., 2007) . Retinal ganglion cells are abundant and sizeable to study diseases of degeneration of neurons in the central nervous system (Wang et al., 2010) .
Loss of thickness of retinal ganglion cells in diabetes type 1 indicates that the retinal layers are mostly influenced by the effects of diabetes (Van Dijk et al., 2010) . Also, other studies have shown neuronal apoptosis and reduction of retinal ganglion cells in the early stages of diabetic retinopathy (Revsin et al., 2005; Van Dijk et al.) .
Although, there are several studies regarding the adverse effects of type I and type II diabetes mellitus on retinal layer (Aizu et al., 2002; Van Dijk et al.) , but there is no study about the effect of gestational diabetes on the ganglionic cell density of retinal layer in offspring. Therefore, this study was done to determine the effect of gestational diabetes on ganglionic cell density, the thickness of retina layer and apoptotic ganglion cells density in 28 postnatal days old rat offspring.
MATERIAL AND METHOD
This experimental study was performed at the Gorgan Faculty of Medicine, Golestan University of Medical Sciences, Gorgan, Iran and Sari Faculty of Medicine, Mazandaran University of Medical Sciences, Sari, Iran. Guidelines on the care and use of laboratory animals and approval of the ethics committee of Golestan and Mazandaran University of Medical Sciences were obtained before study.
Experimental animals. Wistar rats, weighing 180-220 g (12 weeks old) were used. The animals were maintained in a climate-controlled room under a 12 h alternating light/dark cycle, 20°C to 22°C temperature, and 50% to 55% relative humidity. Dry food pellets and water were provided ad libitum.
Drug. Streptozotocin (STZ) (Sigma, St. Louis, MO, USA) dissolved in sterile saline solution (0.85%) to give 40 mg/ kg dose intraperitoneally (IP) to female rats.
Animal groups and treatment. After 2 weeks of acclimation to the diet and the environment, female Wistar rats were placed with a proven breeder male overnight for breeding. Vaginal smears were done the next morning to check for the presence of sperm. Once sperm was detected that day was assigned as gestational day 1. On day 1 of gestation, pregnant females randomly divided into two control and diabetic groups.
Five female rats in diabetic group were received 40 mg/kg/body weight of streptozotocin (STZ) (Forsberg et al., 1998) and control group (five rats) were received an equivalent volume normal saline intraperitoneally (IP).
Blood glucose measurements. Blood was sampled from the tail at 1 week after STZ injection. Blood glucose level of mothers (before mating and after STZ injection) was obtained via tail vein and was estimated with a glucometer (ACCU-CHEK® Active Glucometer, Roche Diagnostics, Mannheim, Germany) (Selvarajah & Tesfaye, 2006) . The dams with blood glucose level 120-250 mg/dl known as gestational diabetics (Schoenle et al., 2002) .
Histology. Six offspring of gestational diabetic mothers and control mothers at the day 28 were randomly selected and were killed quickly with anesthesia. For light microscope preparations eye was fixed in 10% neutral-buffered formalin for histological procedure and after the tissue processing eyes sectioned at 6-micrometer thickness using a microtome (Microm HM 325, Germany).
Eye tissue sections were stained using hematoxylineosin. For morphometric evaluation, 10-20 sections were observed with digital light microscopy. A photograph of sections was produced using an Olympus BX51 microscope and a DP12 digital camera. The density of ganglionic cells was evaluated in 20000 mm 2 area of ganglion cell layer of eye and the thickness of inner retinal layer using OLYSIA Autobioreport software.
Terminal transferased UTP nick-end labeling (TUNEL)
technique. The whole-mounted retinas used for immunohistochemistry were washed extensively in PBS and tested with the terminal transferased UTP nick-end labeling (TUNEL) reaction to detect apoptosis (in situ cell death detection kit; POD; Roche, Mannheim, Germany). In the specimens used to quantitate apoptosis, the fluorescent TU-NEL signal was converted to peroxidase signal and 3-3-Diaminobezidine (Sigma, China) was used to visualize the reaction. The number of TUNEL-nuclei was counted in 20000 µm 2 area of ganglion cell layer of eye using OLYSIA Autobioreport software.
Statistical analysis. Statistical analysis was done by means of the statistical package SPSS 16. All data are given as mean ± standard error of the mean (SEM). Comparisons between pairs of groups were carried out using Student's t test. Values of P<0.05 were considered to be statistically significant.
RESULTS

Blood glucose concentrations.
The mean ± SEM of maternal blood glucose concentrations before mating and 28 days after delivery in the GD and control groups are depicted in Table I . Blood glucose levels showed a significant increase after injection of STZ in the GD group in comparison with the control group (p<0.05).
Morphometric results. The number of ganglion cell and the thickness of retina in postnatal day (P28) of gestational diabetic and controls offspring are depicted in Table II .
The ganglion cell density. The number of ganglion cell per 20000 mm 2 area of ganglion cell layer of retina in P28were Retinal layer thickness. The thickness of retinal layer significantly increased from 255.3±8.2 mm in the control group to 280.7±9.3 mm in the experimental group (P<0.04).
The apoptotic ganglion cell density:
The number of apoptotic ganglion cell per 20000 µm 2 area of ganglion cell layer of retina in P28 were significantly increased from 5.12±0.26 in controls to 6.74 ±0.60 in gestational diabetic offsprings (P<0.02).
DISCUSSION
This study showed that uncontrolled gestational diabetes reduces the number of ganglionic neurons and increased the number of apoptotic ganglionic cells and retinal layer thickness of rat offspring.
Several studies have shown the effect of diabetes type I and II on retinal layer (Aizu et al.; Van Dijk et al.) . Van Dijk et al., study showed that retinal ganglion cell layer thickness decreases in patients with type 1 diabetes. Yang et al. (2012) study on five-week-old C57BL/6 mice has shown that retinal neural cell reduction occurs in induced diabetic mice by streptozotocin. It indicates that retinal neural cell loss may be an important component of diabetes. Martin et al. (2004) study using TUNEL and activated caspase-3 methods reported that had been diabetic showed 20% to 25% fewer cells in the ganglion cell layer in mice after induction of diabetes in compared to age-matched control mice and a modest, but significant, decrease in the thickness of the whole retina and the inner and outer nuclear layers in induced-diabetic mice for 10 weeks. Park et al. (2003) study in animal model using electron microscopy and TUNEL methods reported A few necrotic ganglion cells after 4 weeks and a slight reduction in the thickness of the inner retina and a remarkable reduction in the outer nuclear layer 24 weeks after the onset of diabetes.
Aizu et al., study on Sprague-Dawley rats one month after the onset of diabetes indicated that the thickness of the inner plexiform and photoreceptor segment layers was significantly reduced by 9.9% and 18.9%, respectively (Aizu et al.) . They concluded that degeneration of rods/cones in the PSL and RPE are the most prominent pathological alteration sites in the early stage of diabetic rats. In addition Mizutani et al., (1998) reported abnormalities of the b-wave of the electroretinogram in diabetic patients with absent or minimal microangiopathy have pointed to possible dysfunction of Muller cells, the principal glia of the retina.
In our study, we observed loss of ganglion cell. The data suggest that in the retina of diabetic animal, neurons in the ganglion cell layer die, and this death occurs through an apoptotic pathway (Martin et al., 2004) .
Several studies have shown cell apoptosis due to diabetes (Martin et al.; Park et al.) . Recent observations regarding the cellular anatomy that contributes to the bloodretinal barrier and its breakdown, reported alterations of glial cells and neurons in diabetes, and how these changes lead to loss of vision (Gardner et al., 2002) .
The pathophysiologic mechanisms invoked in nonproliferative retinopathy include loss of retinal pericyte, increased retinal vascular permeability, alterations in retinal blood flow, and abnormal retinal microvasculature, which lead to retinal ischemia (Lango et al., 2012) .
Also, the thickness of retinal layer may be due to inflammation reaction and increased vascular permeability in retinal vessels. The potential role of increased oxidative stress, PKC activity, and nitric oxide (NO) levels in the retina would be other logical areas to investigate as mediators of neuronal cell death in diabetic mouse retina (Martin et al.) . It is also clarified that the initial phase of diabetic retinopathy is through non aminoguanidine-inhibited mechanism (Park et al.) .
CONCLUSION
We concluded that the uncontrolled gestational diabetes can reduce the number of ganglionic neurons and increase apoptotic ganglionic cells of retina layer in rat offspring. Table II . The number of ganglion cell, apoptotic cell and the thickness of retina in postnatal day 28 (P28) of gestational diabetes (GD) and control groups.
